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SPECIFICATION 
(54) [Title of the Invention] 

HIGH IMPACT RESIN COMPOSITION MANUFACTURING PROCESS. 



(57) [Abstract] 
[Objective] 

To obtain a high impact resin that yields a high impact 
resin composition having excellent color and balanced 
properties such as impact resistance and rigidity and also 
capable of significantly reducing waste water treatment. 

[Solution] 

A high impact resin composition is obtained by manufacturing 
a resin containing a small amount of rubber component using 
a continuous bulk polymerization process and adding and 
mixing a graft copolymer cake or a slurry containing a 
rubber component in the latter half of the monomer removal 
step while said resin is in molten state. 
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[Scope of the Patent Claim] 



[Claim 1] 

A manufacturing process for a high impact resin composition 
characterized by a continuous addition and mixing of 
99-1 parts by weight of a graft copolymer (B) obtained by 
supplying a slurry or a wet cake obtained from a latex 
prepared by emulsion graft polymerization of 95-20 parts by 
weight of a monomer mixture comprising 10-100% by weight of 
an aromatic vinyl monomer, 0-50% by weight of vinyl cyanide 
type monomer, 0-80% by weight of (meth) acrylic acid ester 
monomer, and 0-60% by weight of other vinyl type monomer 
capable of copolymerizing with them to an extrusion device 
equipped with grooves and holes or a gap and a vent hole 
that allows a fluid to pass through to dehydrate and dry it 
with 

1-99 parts by weight of a copolymer (A) containing a rubber 
while the copolymer is in molten state during a continuous 
bulk polymerization process designed to graft polymerize 99- 
40% by weight of an aromatic vinyl type monomer, 0-60% by 
weight of vinyl cyanide type monomer, 0-80% by weight of 
(meth) acrylic acid ester type monomer, and 0-60% by weight 
of other vinyl type monomer that is capable of undergoing 
graft polymerization with 1-25% by weight of rubber like 
polymer (however, concentration of the rubber like polymer 
obtained from the graft copolymer (B) >concentration of the 
rubber like polymer obtained from the copolymer (A) 
containing rubber in the high impact resin composition) 
in the presence of 5-80 parts by weight of a rubber like 
polymer . 

[Claim 2] 

The manufacturing process for a high impact resin 
composition described in Claim 1 in which the graft 
copolymer (B) is continuously added to the copolymer (A) 
containing rubber having residual monomer concentration of 
no more than 10% by weight. 

[Claim 3] 

The manufacturing process for a high impact resin 
composition described in Claim 1 in which the graft 
copolymer (B) is added to the copolymer (A) containing 
rubber having residual monomer concentration of no more than 
10% by weight during a monomer removal step in a continuous 
bulk polymerization of the copolymer (A) containing rubber 
or after the monomer removal step. 

[Claim 4] 
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The manufacturing process for a high impact resin 
composition described in Claim 1 in which the graft 
copolymer (B) is added in semi-molten or molten state. 

[Claim 5] 

The manufacturing process for a high impact resin 
composition described in Claim 1 in which the rubber like 
polymer of the graft copolymer (B) is a diene type rubber. 

[Claim 6] 

The manufacturing process for a high impact resin 
composition described in Claim 1 in which the copolymer (A) 
containing rubber is a butadiene-styrene-acrylonitrile 
copolymer and the graft copolymer (B) is a graft copolymer 
obtained by graft copolymerization of s tyrene-acrylonitrile 
on a rubber like polymer. 

[Claim 7] 

The manufacturing process for a high impact resin 
composition described in Claim 1 in which the monomer 
removal step in the continuous bulk polymerization of the 
copolymer (A) containing rubber is a mono-axial or di-axial 
extruder equipped with a vent and the continuous addition 
device of the graft copolymer (B) is a mono-axial or di- 
axial extruder connected to the monomer removal extruder of 
the copolymer (A) containing rubber. 

[Detailed Description of the Invention] 

[0001] 

[Field of Industrial Utility] 

This invention deals with a manufacturing process for a high 
impact resin composition. More specifically, this invention 
deals with a manufacturing process for a high impact resin 
composition having excellent color tone and balanced 
properties such as impact resistance and rigidity. 

[0002] 

[Conventional Technology] 

High impact resins containing a rubber component typified by 
ABS and high impact polystyrene are resins having an 
excellent balance between various properties and mold 
processing properties, and they are used in a broad range of 
applications, for example, in automobile parts, electrical 
equipment parts and office equipment parts. These high 
impact resins containing a rubber component need to have a 
rubber component graft polymerized to sufficiently realize 
mechanical properties, and emulsion graft polymerization was 
conventionally used as their manufacturing process. 
However, an emulsion polymerization process has problems. 
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For example, the process has many steps, is expensive due to 
many auxiliary raw materials needed, and an effluent water 
treatment is needed. In order to reduce the problems 
associated with emulsion polymerization, a process in which 
a polymer having high rubber content obtained by emulsion 
graft polymerization and a polymer that does not contain a 
rubber obtained by suspension polymerization were melt 
blended was developed. (Kobunshi Gakkai Edition, "ABS 
Resin.") Furthermore, a process in which a high impact 
resin containing a rubber was subjected directly to 
continuous bulk polymerization was put into practice 
recently. [For example, Japanese Patent Report Sho 47- 
14136, Japanese Patent Report Sho 49-26711, and Kagaku 
Kogaku53(6), 423-426 (1989).] 

[0003] 

[Problems for the Invention to Solve] 

The process in which a polymer having high rubber content 
obtained by emulsion graft polymerization and a polymer that 
does not contain a rubber obtained using a continuous bulk 
polymerization process or suspension polymerization are 
prepared individually as separate polymers and melt blended 
has an advantage of providing opportunities to control the 
properties relatively smoothly. However, the process also 
has problems. For example, it requires a waste water 
treatment, the color is not satisfactory due to hysteresis 
during melt blending, and the balance between impact 
resistance and rigidity is not adequate. In contrast, a 
production process used to prepare high impact resin 
containing a large amount of rubber component using a 
direct, continuous bulk polymerization process offers 
advantages. That is, the process has fewer steps, involves 
fewer auxiliary raw materials, and, most importantly, does 
not need a waste water treatment. However, the process has 
a drawback associated with difficulty in controlling graft 
polymerization reaction in the bulk polymerization. 
Furthermore, properties of the resin obtained such as impact 
resistance are not necessarily satisfactory. In addition, 
other production and quality problems are also associated 
with the process. That is, deteriorated rubber material 
remains in production equipment and is shed when the rubber 
component concentration rises. 

[0004] 

[Means to Solve the Problems] 

Production processes for a high impact resin composition 
having excellent color tone and a good balance among 
properties such as impact resistance and rigidity were 
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investigated diligently, and this invention was developed as 
a result of the investigation. That is, this invention 
presents a manufacturing process for a high impact resin 
composition characterized by a continuous addition and 
mixing of 

99-1 parts by weight of a graft copolymer (B) obtained by 
supplying a slurry or a wet cake obtained from a latex 
prepared by emulsion graft polymerization of 95-20 parts by 
weight of a monomer mixture comprising 10-100% by weight of 
an aromatic vinyl monomer, 0-50% by weight of vinyl cyanide 
type monomer, 0-80% by weight of (meth) acrylic acid ester 
monomer, and 0-60% by weight of other vinyl type monomer 
capable of copolymerizing with them to an extrusion device 
equipped with grooves and holes or a gap and a vent hole 
that allows a fluid to pass through to dehydrate and dry it 
with 

1-99 parts by weight of a copolymer (A) containing a rubber 
while the copolymer is in molten state during a continuous 
bulk polymerization process designed to graft polymerize 99- 
40% by weight of an aromatic vinyl type monomer, 0-60% by 
weight of vinyl cyanide type monomer, 0-80% by weight of 
(meth) acrylic acid ester type monomer, and 0-60% by weight 
of other vinyl type monomer that is capable of undergoing 
graft polymerization with 1-25% by weight of rubber like 
polymer (however, concentration of the rubber like polymer 
obtained from the graft copolymer (B) Concentration of the 
rubber like polymer obtained from the copolymer (A) 
containing rubber in the high impact resin composition) 
in the presence of 5-80 parts by weight of a rubber like 
polymer . 

[0005] 

The aromatic vinyl type monomer constituting copolymer (A) 
containing rubber and graft copolymer (B) used in this 
invention is an aromatic compound containing double bonds 
that are capable of polymerizing, and specific examples 
include styrene, cc-methylstyrene, p-methylstyrene, vinyl 
toluene, propyl styrene, butyl styrene and 

cyclohexylstyrene . These aromatic vinyl type monomers are 
used individually or as a mixture of at least two of them. 
Of these aromatic vinyl type monomers, styrene and a- 
methylstyrene are particularly preferred. 

[0006] 

The vinyl cyanide type monomer constituting copolymer (A) 
containing rubber and graft copolymer (B) used in this 
invention is a compound containing double bonds that are 
capable of polymerizing and cyano groups, and specific 
examples include acrylonitrile and methacrylonitrile . These 
vinyl cyanide type monomers are used individually or as a 
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mixture of at least two of them. Of these vinyl cyanide 
type monomers, acrylonitrile is particularly preferred. 

[0007] 

Methyl methacrylate, ethyl methacrylate , propyl 
methacrylate, butyl methacrylate, glycidyl methacrylate, 
hydroxyethyl methacrylate, methyl acrylate, ethyl acrylate, 
propyl acrylate, and butyl acrylate can be cited as specific 
examples of the (meth) acrylate ester type monomers 
constituting copolymer (A) containing rubber and graft 
copolymer (B) used in this invention. These (meth) acrylate 
ester type monomers are used individually or as a mixture of 
at least two of them. Of these (meth) acrylate ester type 
monomers, methyl methacrylate is particularly preferred. 

[0008] 

N-Phenyl maleimide, N-cyclohexyl maleimide, methyl 
substituted N-phenyl maleimide, maleic anhydride, acrylic 
acid and methacrylic acid, for example, can be cited as 
other vinyl type monomers constituting copolymer (A) 
containing rubber and graft copolymer (B) used in this 
invention. Of these, N-phenyl maleimide is particularly 
preferred. 

[0009] 

The rubber like polymers constituting copolymer (A) 
containing rubber and graft copolymer (B) used in this 
invention are diene type rubber, acrylic type rubber and 
ethylene type rubber, and polybutadiene, poly (butadiene-' 
styrene) , poly (butadiene-acrylonitrile ) , polyisoprene , 
poly (butadiene-butyl acrylate), poly (butadiene-methyl 
acrylate), poly (butadiene-methyl methacrylate), 
poly (butadiene-ethyl acrylate), ethylene-propylene rubber, 
ethylene-propylene-diene rubber, poly (ethylene-isobutylene) , 
poly (ethylene-methyl acrylate), and poly ( ethylene-methyl 
acrylate) [sic] can be cited as specific examples. These 
rubber like polymers are used individually or as a mixture 
of at least two of them. Of these rubber like polymers, 
polybutadiene, poly (butadiene-styrene) , poly (butadiene- 
acrylonitrile) , and ethylene-propylene rubber are 
particularly preferred. 

[0010] 

Butadiene-styrene copolymer, butadiene-styrene-acrylonitrile 
copolymer butadiene-styrene-N-phenyl maleimide copolymer 
butadiene-styrene-acrylonitrile-methyl methacrylate 
copolymer, butadiene-styrene-methyl methacrylate copolymer, 
and ethylene-propylene-styrene-acrylonitrile graft copolymer 
can be cited as preferred examples of the copolymer (A) 
containing rubber used in this invention. Of these, 
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butadiene-styrene-acrylonitrile copolymer is particularly . 
preferred. 

[0011] 

Styrene graft polymer of polybutadiene, styrene graft 
polymer of poly (butadiene-styrene) , styrene-acrylonitrile 
graft copolymer of polybutadiene, styrene-acrylonitrile 
graft copolymer of poly (butadiene-styrene ) , styrene- 
acrylonitrile graft copolymer of poly (butadiene- 
acrylonitrile) , styrene-acrylonitrile-methyl methacrylate 
graft copolymer of polybutadiene, and styrene-acrylonitrile 
graft copolymer of poly (ethylene-propylene) can be cited as 
preferred examples of the graft copolymer (B) used in this 
invention. Of these, the proportion of the rubber in the 
copolymer (A) containing rubber and individual monomers 
subjected to graft polymerization of 99-40% by weight of 
aromatic vinyl type monomer, 0-60% by weight of vinyl 
cyanide type monomer, 0-80% by weight of (meth) acrylate 
ester type monomer and 0-60% by weight of other vinyl type 
monomers capable of copolymerization to 1-25% by weight of 
rubber like polymer is used in graft polymerization based on 
mechanical strength, color tone and moldability of the resin 
composition obtained. A preferred proportion is 99-50% by 
weight of aromatic vinyl type monomer, 0-50% by weight of 
vinyl cyanide type monomer, 0-70% by weight of 
(meth) acrylate ester type monomer and 0-50% by weight of 
other vinyl type monomer capable of copolymerization to 1- 
20% by weight of rubber like polymer. A more preferred 
proportion is 99-55% by weight of aromatic vinyl type 
monomer, 10-40% by weight of vinyl cyanide type monomer, 0- 
60% by weight of (meth) acrylate ester type monomer and 0-40% 
by weight of other vinyl type monomer capable of 
copolymerization to 1-15% by weight of rubber like polymer. 

[0012] 

The first half of the procedure of this invention, that is, 
the continuous bulk polymerization process used in a step to 
continuously bulk polymerize a copolymer (A) containing 
rubber obtained by graft polymerization of 99-40% by weight 
of aromatic vinyl type monomer, 0-60% by weight of vinyl 
cyanide type monomer, 0-80% by weight of (meth) acrylate 
ester type monomer and 0-60% by weight of other vinyl type 
monomers capable of copolymerization on 1-25% by weight of 
rubber like polymer is not restricted, and any continuous 
bulk polymerization process can be used. For example, a 
process in which polymerization is allowed to take place in 
a polymerization vessel and the monomers are subsequently 
removed (removed by evaporation), for example, is known. A 
mixing type polymerization vessel or various tower type 
reactors equipped with a variety of agitator blades such as 
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paddle blades, turbine blades, propeller blades, bull 
[transliteration] margin blades, multiple stage blades, 
anchor blades, max blend blades or double helical blades may 
be used. Furthermore, a multiple pipe reactor, a kneader 
type reactor or a biaxial extruder may also be used as a 
polymerization reactor. (For example, refer to Polymer 
Production Process Assessment 10, "High Impact Polystyrene 
Assessment," Kobunshi Gakkai, January 26, 1989.) These 
polymerization vessels (reactors) are used individually or 
in a combination of at least two or a combination of at 
least two types of reactors when necessary. 

[0013] 

A reaction mixture of copolymer (A) containing a rubber 
obtained by the polymerization conducted in these 
polymerization vessels or reactors is normally subjected to 
a monomer removal step next and the monomer and other 
volatile components are removed. As the monomer removal 
process, a process in which volatile components are removed 
from vent holes under normal or reduced pressure upon 
heating using a monoaxial or biaxial extruder equipped with 
vents, a process in which volatile components are removed 
using an evaporator such as a centrifuge type evaporator 
that contains a plate fin type heater inside the drum, a 
process in which volatile components are removed using a 
thin film evaporator such as a centrifuge type evaporator, 
and a process in which volatile components are removed by 
pre-heating a mixture using a multiple tube type heat 
exchanger and allowing it to foam and flash into a vacuum 
vessel are available, and any of these processes can be 
used. However, a monoaxial or biaxial extruder containing 
vents are particularly desirable for use. 

[0014] 

The continuous bulk polymerization of a copolymer (A) 
containing rubber can be allowed to proceed using thermal 
polymerization without using an initiator, initiator 
polymerization using an initiator, or, in addition, using a 
combination of the thermal polymerization and initiator 
polymerization. As the initiator, a peroxide or an azo type 
compound can be used. 

[0015] 

As specific examples of the peroxide, benzoyl peroxide, 
cumene hydroperoxide, dicumyl peroxide, diisopropylbenzene 
hydroperoxide, t-butyl hydroperoxide, t-butylcumyl peroxide, 
t-butyl peroxyacetate, t-butyl peroxybenzoate , t-butylperoxy 
isopropyl carbonate, di-t-butyl peroxide, t-butyl peroctate, 
1, 1-bis (t-butylperoxy) 3, 3, 5-trimethyl cyclohexane, 1,1- 
bis (t-butylperoxy) cyclohexane, and t-butylperoxy-2-ethyl 
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hexanoate can be mentioned. Of these, cumene peroxide and 
1, 1-bis (t-butylperoxy) 3 , 3, 5-trimethylcyclohexane are 
particularly preferred. As specific examples of the azo 
type compound, azo-bis-isobutyronitrile, azo-bis(2,4- 
dimethyl valeronitrile) , 2-phenyl-azo-2 , 4-dimethyl-4-methoxy 
valeronitrile, 2-cyano-2-propyl-azo-f ormamide , 1 , 1 ' -azo-bis- 
cyclohexane-l-carbonitrile, azo-bis (4-methoxy-2, 4-dimethyl 
valeronitrile), dimethyl 2 , 2 ' -azo-bis-isobutyrate , 1-t- 
butyl-azo-l-cyanocyclohexane, 2-t-butyl-azo-2-cyanobutane, 
and 2-t-butyl-azo-2-cyano-4-methoxy-4-methylpentane can be 
mentioned. One or a combination of at least two may be used 
when using these initiators. Of these, 1 , 1 ' -azo-bis- 
cyclohexane-l-carbonitrile is particularly preferred. 

[0016] 

A chain transfer agent such as mercaptan and terpene can be 
used for the purpose of adjusting the degree of 
polymerization of the copolymer (A) containing rubber used 
in this invention. As specific examples, n-octyl mercaptan, 
t-dodecyl mercaptan, n-dodecyl mercaptan, n-tetradecyl 
mercaptan, n-octadecyl mercaptan, and terpinolene can be 
mentioned. One or a combination of at least two may be used 
when using these chain transfer agents. Of these, n-octyl 
mercaptan, t-dodecyl mercaptan and n-dodecyl mercaptan are . 
particularly preferred. 

[0017] 

The copolymer (A) containing rubber used in this invention 
is manufactured using a continuous bulk polymerization 
process, but the polymerization can be allowed to proceed 
using a small amount (for example, 20% or less) of a solvent 
and remain within the scope of this invention. In addition, 
various oxidation inhibitors such as phenol type, phosphorus 
type and sulfur type inhibitors may be added to prevent 
rubber deterioration, but, of these, phenol type oxidation 
inhibitors are preferred. For example, n-octadecyl 3(3',5'- 
di-t-butyl-4-hydroxyphenyl) propionate' and 4 , 4 ' -butylidene 
bis (3-methyl-4-hydroxy-5-methylphenyl) propionate are 
particularly preferred. 

[0018] 

The graft copolymer (B) that is the other constitutional 
component used in this invention is a copolymer obtained by 
a graft polymerization reaction of 95-20 parts by weight of 
a monomer mixture comprising 10-100% by weight of aromatic 
vinyl type monomer, 0-50% by weight of vinyl cyanide type 
monomer, 0-80% by weight of (meth) acrylate ester type 
monomer, and 0-60% by weight of other vinyl type monomers 
capable of copolymerizing with them on 5-80 parts by weight 
of rubber like polymer, but the entire amount does not need 
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to be grafted. A mixture of grafted and ungrafted 
copolymers is commonly used. The graft ratio of the grafted 
copolymer (B) is not restricted, but 5-150% is preferred and 
10-100% by weight is more preferred. Here, the graft ratio 
is calculated using the equation below. 

Graft Ratio (% by weight) = (grafted branch weight/rubber 
line polymer weight) x 100 

[0019] 

Proportion of the rubber like polymer in the grafted 
copolymer (B) is 5-80 parts by weight and more preferably 
20-70 parts by weight depending on the mechanical strength, 
color tone and moldability desired in the resin composition 
obtained. Proportions of the individual monomers used other 
than the rubber like polymer of the grafted copolymer (B) 
are 10-100% by weight of aromatic vinyl type monomer, 0-50% 
by weight of vinyl cyanide type monomer, 0-80% by weight of 

(meth) acrylate ester type monomer, and 0-60% by weight of 
other vinyl type monomers capable of copolymerizing with 
them, and more preferred proportions are (1) 60-100% by 
weight of aromatic vinyl type monomer, 10-40% by weight of 
vinyl cyanide type monomer, and 0% by weight of 

(meth) acrylate ester type monomer or (2) 20-60% by weight of 
aromatic vinyl type monomer, 0-30% by weight of vinyl 
cyanide type monomer, and 40-80% by weight of (meth) acrylate 
ester type monomer. 

[0020] 

Production process for the grafted copolymer (B) is not 
restricted. However, the polymer is preferably manufactured 
using emulsion or bulk polymerization, and emulsion 
polymerization is more preferred. A monomer mixture is 
commonly emulsion graft polymerized in the presence of a 
rubber like polymer latex in emulsion polymerization. The 
emulsifier used in this emulsion graft polymerization is not 
particularly restricted, and various surfactants can be 
used. However, anionic surfactants such as carboxylic acid 
salt type, sulfuric acid ester salt type, and sulfonic acid 
salt type are particularly preferred for use. As specific 
examples of these emulsifiers, caprylic acid salts, capric 
acid salts, lauric acid salts, oleic acid salts, linolic 
acid salts, linolenic acid salts, rosinic acid salts, 
behenic acid salts, castor oil sulfuric acid ester salts, 
lauryl alcohol sulfuric acid ester salts, other high 
molecular weight alcohol sulfuric acid ester salts, 
dodecylbenzene sulfonic acid salts, alkylnaphthalene 
sulfonic acid salts, alkyl diphenyl ether disulfonic acid 
salts, naphthalene sulfonic acid salt condensation material, 
dialkyl sulf osuccinic acid salts, polyoxyethylene lauryl 
sulfuric acid salts, polyoxyethylene alkyl ether sulfuric 
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acid salts and polyoxyethylene alkyl phenyl ether sulfuric 
acid salts can be mentioned. Here, salts refers to alkali 
metal salts and ammonium salts, and potassium salts, sodium 
salts and lithium salts can be mentioned as specific 
examples of alkali metal salts. These emulsifiers are used 
individually or in a combination of at least two of them. 
In addition, the initiators and chain transfer agents listed 
for the production of the aforementioned copolymer (A) can 
be mentioned as the initiators and chain transfer agents 
that can be used in these emulsion graft polymerizations, 
and red-ox type initiators can also be used. 

[0021] 

A coagulation agent is added next to coagulate the latex, 
and a graft copolymer (B) is recovered to obtain a graft 
copolymer (B) manufactured using emulsion graft 
polymerization. An acid or a water soluble salt is used as 
the coagulation agent, and sulfuric acid, hydrochloric acid, 
phosphoric acid, acetic acid, calcium chloride, magnesium 
chloride, barium chloride, aluminum chloride, magnesium 
sulfate, aluminum sulfate, aluminum ammonium sulfate, 
aluminum potassium sulfate, and aluminum sodium sulfate can 
be mentioned as specific examples of it. These coagulation 
agents are used individually or as a mixture of at least two 
of them. The grafted copolymer (B) in the form of a 
coagulated slurry or a wet cake is supplied to an extrusion 
device containing grooves and holes or a gap and vent holes 
that allow liguids to pass through to remove water and dry 
it. This extrusion device used for dehydration«drying 
comprises a screw, a cylinder, and a screw drive sections, 
and the cylinder preferably has capacity to heat and cool. 
The first half (the supply side) of the cylinder contains 
grooves and holes or a gap that allows liquids to pass 
through but does not allow majority of the solids to pass 
through, and the last half (the discharge side) contains at 
least one vent hole. This may be a monoaxial extruder or a 
biaxial extruder. A grafted copolymer" (B) in the form of a 
slurry or a wet cake is supplied to this extrusion device 
and is compressed using rotation of a screw in a low 
temperature region (the first half) of the cylinder to 
discharge majority of the water from the grooves and holes 
or a gap in the first half (the supply side) of the 
cylinder. Next, residual moisture and volatile fraction are 
removed next using vent holes in a heated region of the last 
half (the discharge side) of the cylinder, and the grafted 
copolymer (B) is supplied continuously to a copolymer (A) 
containing rubber from the cylinder tip. Vent holes may be 
used under normal pressure or under reduced pressure, and 
normal pressure and reduced pressure may be used in 
combination when at least two vent holes are present. 
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[0022] 

As described above, the grafted copolymer (B) can also be 
manufactured using a bulk polymerization process. When a 
bulk polymerization process is used, the grafted copolymer 
(B) in molten state as it leaves from a monomer removal 
device can be added directly to a copolymer (A) or the 
grafted copolymer (B) isolated first can be added to the 
copolymer (A) . However, direct addition of the grafted 
copolymer (B) in molten state discharged from a monomer 
removal device is more preferable from the standpoint of 
heat degradation prevention and continuity of the 
procedures. 

[0023] 

A mixture needs to be mixed during a bulk polymerization 
process in this invention after a grafted copolymer (B) is 
continuously added to a copolymer (A) containing rubber in 
molten state, and a resin composition having excellent color 
tone and impact resistance can be obtained only upon mixing. 
At this point, 99-1 parts by weight of a grafted copolymer 
(B) needs to be continuously added to 1-99 parts by weight 
of a copolymer (A) containing rubber in molten state, and 
70-5 parts by weight of a grafted copolymer (B) is more 
preferably added continuously to 30-95 parts by weight of a 
copolymer (A) containing rubber in molten state and mixed. 
However, a high impact resin composition needs to have a 
greater rubber like polymer concentration in a grafted 
copolymer (B) than a rubber like polymer concentration in a 
copolymer (A) containing rubber. Color tone and impact 
resistance are not desirable when the rubber like polymer 
concentration in a grafted copolymer (B) is lower than the 
rubber like polymer concentration in the copolymer (A) 
containing rubber. 

[0024] 

Addition of a grafted copolymer (B) during the monomer 
removal step in a bulk polymerization process of a copolymer 
(A) containing rubber or after the monomer removal step at a 
point when residual monomer concentration is 10% or less or 
more preferably 5% or less is desirable. Then, the rubber 
component is not degraded by thermal hysteresis during 
subsequent monomer removal operation and color tone and 
impact resistance that are special features of this 
invention excel even further. Melt blending is preferred 
for mixing after a grafted copolymer (B) is continuously 
added to a copolymer (A) containing rubber in this invention 
in order to adequately realize impact resistance and other 
properties. This melt blending can be executed at the time 
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of addition and mixing or after the mixture is isolated, for 
example, at the time of melt molding. 

[0025] 

The continuous addition method of grafted copolymer (B) is 
not particularly limited, and optional method can be used 
for the addition. Various feeders, for example, a belt type 
feeder, a screw type feeder, a monoaxial extruder, and a 
biaxial extruder are commonly used, but monoaxial and 
biaxial extruders are particularly preferred. A continuous 
addition device capable of metering the addition is 
preferred. A continuous addition device equipped with a 
heater is preferred to deliver the grafted copolymer (B) in 
semi-molten or molten state to assist blending. Extruders 
equipped with a heater can be used for this purpose. 

[0026] 

In this invention, various oxidation inhibitors such as 
phenol type, phosphorus type and sulfur type, ultraviolet 
ray absorption agents, photo stabilizers and other weather 
resistance agents, electrostatic inhibitors, lubricants such 
as ethylene bis-stearylamide and metal soaps, plasticizers, 
colors, fillers, reinforcing materials such as glass fibers 
and carbon fibers, and flame retardants can also be added 
when necessary. 

[0027] 
[Examples] 

This invention is further described in detail by citing 
examples below, but this invention is not limited to these 
examples. It should be noted that and "parts" used in 

the examples represent % by weight and parts by weight, 
respectively. In addition, the YI (yellow index) value of 
pellets was determined using a color dif f erentiometer made 
by Suga Shikenki K.K. Izod impact strength was determined 
according to ASTM D256, and tensile strength was determined 
according to ASTM 638. 

[0028] 

Reference Example 1. [Production Process for Grafted 
Copolymer Cake (B-l) ] 

Sixty parts (calculated in terms of solids) of polybutadiene 
latex (average rubber particle size 0.3 urn, gel content 
85%), 200 parts of pure water, 0.4 part of sodium 
formaldehyde sulfoxylate, (0.01 part) ferrous sulfate and 
0.1 part of sodium phosphate were added to a reactor, and 
the reactor was purged with nitrogen. The reactor was 
heated to 65°C, and a mixture of 30 parts of styrene, 10 
parts of acrylonitrile and 0.3 part of n-dodecyl mercaptan 
was added dropwise continuously over four hours under 
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agitation. Simultaneously, a mixture of 0.25 part of cumene 
hydroperoxide, 2.5 parts of sodium laurate as emulsifier and 
25 parts of pure water was continuously added dropwise over 
five hours. Upon completion of the dropwise addition, the 
mixture was maintained for an hour to allow polymerization 
to be concluded. Upon conclusion of the polymerization, the 
latex was coagulated using 1.5% sulfuric acid, neutralized 
using an alkali, washed and centrifuged to isolate a grafted 
copolymer cake (B-l) . The grafting ratio of the grafted 
copolymer cake (B-l) obtained was 40%. 

[0029] Reference Example 2. 

A grafted copolymer (B-l) latex was prepared using the 
procedure described in Reference Example 1. This latex was 
coagulated using 1.5% sulfuric acid, neutralized using an 
alkali next, and a grafted copolymer slurry (B-2) was 
prepared. 

[0030] Reference Examples 3-9 [Production Process for 
Grafted Copolymer Cakes (B-3-9) ] 

Mixtures of styrene and other vinyl monomers were allowed to 
polymerize in the presence of various rubber like polymers 
listed in Table 1 according to the procedure described in 
Reference Example 1 to prepare the grafted copolymers (B-3- 
9) having the compositions shown in Table 1. In Table 1, 
PBD represents a polybutadiene rubber, SBR represents a 
styrene/butadiene copolymer rubber comprising 25% styrene 
and 75% butadiene, NBR represents an acrylonitrile/butadiene 
copolymer rubber comprising 25% acrylonitrile and 75% 
butadiene, and EPDM represents an ethylene/propylene/5- 
ethylidene-2-norbornane ternary copolymer rubber 
(ethylene/propylene = 68.5/31.5 mole ratio) having iodine 
number of 23 and Mooney viscosity of 60. 

[0031] 
[Table 1] 
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acrylonitrile, 0.15 part of n-dodecyl mercaptan, and 0.03 
part of cumene hydroxide was added to the mixture to obtain 
a homogeneous solution (raw material dope) . Next, this raw 
material dope was supplied continuously to a polymerization 
vessel equipped with a helical ribbon type agitator blades 
and a jacket having a condenser and a static separator 
connected directly to the top designed to remove water from 
the polymerization system from the bottom phase of the 
separator and only the monomer from the top phase to reflux 
it to the polymerization vessel. The polymer concentration 
was controlled to 75%. The polymerization reaction mixture 
having polymer concentration of 75% was continuously 
supplied to a biaxial extruder equipped with a biaxial 
extruder type feeder having a pre-heater, a monomer remover, 
and a heating device connected in tandem from the tip of the 
monomer remover to l/3 rd the length of the barrel section 
and vent holes. Residual monomer was allowed to evaporate 
under reduced pressure and recovered from vacuum vent holes 
at 180-240°C. To 80 parts of a 

butadiene/styrene/acrylonitrile copolymer having apparent 
polymerization ratio of at least 99% located at l/3 rd the 
distance from the tip of the monomer removal device, 0.5 
part of t-butylhydroxy toluene as phenolic stabilizer, 0.5 
part of tri (nonylphenyl) phosphite as phosphorus type 
stabilizer, and 20 parts of the grafted copolymer cake (B-l) 
prepared in the Reference Example 1 was supplied in a molten 
state from a biaxial extruder type feeder after it was 
dehydrated using a monoaxial extruder equipped with two vent 
holes. The resulting mixture was melted and kneaded before 
being discharged in strands and cut to obtain pellets of a 
styrene type resin composition. The YI value of the styrene 
type resin composition obtained is shown in Table 2. The 
styrene type resin composition obtained was injection 
molded, and the properties were determined. The results are 
shown in Table 2 . The color tone and properties of the 
styrene type resin compositions prepared according to the 
process of this invention were excellent as seen by the 
results reported in Table 2. 

[0032] Real Example 2. 

The procedure described in Real Example 1 was conducted to 
obtain pellets of a styrene type resin composition with the 
exception of supplying the grafted copolymer slurry (B-2) 
prepared in Reference Example 2 after it was dehydrated 
using a monoaxial extruder equipped with a gap and two vent 
holes that allowed water to pass in place of the grafted 
copolymer cake (B-l) used in Real Example 1. The YI value 
of the styrene type resin composition obtained is shown in 
Table 2. In addition, the styrene type resin composition 
obtained was injection molded, the properties were 
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determined, and the results were shown in Table 2. The color 
tone and properties of the styrene type resin compositions 
prepared according to the process of this invention were 
excellent as seen by the results reported in Table 2. 

[0033] Real Examples 3-9. 

The procedure described in Real Example 1 was conducted to 
obtain pellets of a styrene type resin composition with the 
exception of using the grafted copolymer cakes (B-3-9) 
prepared in Reference Examples 3-9 in place of the grafted 
copolymer cake (B-l) obtained in Real Example 1. YI values 
of the styrene type resin compositions obtained and 
properties of the specimens obtained by injection molding 
the resin compositions are shown in Table 2. The color tone 
and properties of the styrene type resin compositions 
prepared according to the process of this invention were 
excellent as seen by the results reported in Table 2. 

[0034] Comparative Example 1. 

A polybutadiene-styrene-acrylonitrile grafted copolymer 
latex was obtained according to the procedure described in 
Real Example 1. To 42.9 parts of the solid fraction in this 
latex, 43.4 parts of styrene was added and thoroughly 
agitated before 0.3 part of magnesium sulfate was added. 
White polymer/monomer phase only was removed from the mixed 
solution, and 13.7 parts of acrylonitrile, 0.15 part of n- 
dodecyl mercaptan, and 0.03 part of cumene hydroperoxide 
were added to create a homogeneous solution (raw material 
dope). Next, this raw material dope was supplied 
continuously to a polymerization vessel equipped with a 
helical ribbon type agitator blades and a jacket having a 
condenser and a static separator connected directly to the 
top designed to remove water from the polymerization system 
from the bottom phase of the separator and only the monomer 
from the top phase to reflux it to the polymerization 
vessel. The polymer concentration was controlled to 75%. 
The polymerization reaction mixture having polymer 
concentration of 75% was continuously supplied to a biaxial 
extruder equipped with a biaxial extruder type feeder having 
a pre-heater, a monomer remover, and a heating device 
connected in tandem from the tip of the monomer remover to 
l/3 rd the length of the barrel section and vent holes. 
Residual monomer was allowed to evaporate under reduced 
pressure and recovered from vacuum vent holes at 180-240°C. 
To 70 parts of a 

butadiene/styrene/acrylonitrile copolymer having apparent 
polymerization ratio of at least 99% located at l/3 rd the 
distance from the tip of the monomer removal device, 0.5 
part of t-butylhydroxy toluene as phenolic stabilizer, 0.5 
part of tri (nonylphenyl) phosphite as phosphorus type 
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stabilizer, and 30 parts of the grafted copolymer cake (B-l) 
prepared in the Reference Example 1 was supplied in a molten 
state from a biaxial extruder type feeder after it was 
dehydrated using a monoaxial extruder equipped with two vent 
holes. The resulting mixture was melted and kneaded 
before it was discharged in strands and cut to obtain 
pellets of a styrene type resin composition. The YI value of 
the styrene type resin composition obtained is shown in 
Table 2. The styrene type resin composition obtained was 
injection molded, and the properties were determined. The 
results are shown in Table 2. The Izod impact strength of 
the styrene type resin composition prepared according to the 
method of this comparative example was better than that of a 
styrene type resin composition prepared according to a 
method of this invention, but tensile strength and pellet 
color tone (pellet YI) were inferior. 

[0035] Comparative Example 2. 

A polybutadiene-styrene-acrylonitrile grafted copolymer 
latex was obtained according to the procedure described in 
Real Example 1. A homogeneous solution (raw material dope) 
was obtained by adding 0.3 part of magnesium sulfate after 
25 parts of styrene was added to fifteen parts of the solid 
fraction in this latex and agitated well, removing only the 
white polymer /monomer phase from the mixture solution 
obtained, and adding 39.6 parts of styrene, 20.4 parts of 
acrylonitrile, and 0.15 part of n-dodecyl mercaptan. Next, 
this raw material dope was supplied continuously to a 
polymerization vessel equipped with a helical ribbon type 
agitator blades and a jacket having a condenser and a static 
separator connected directly to the top designed to remove 
water from the polymerization system from the bottom phase 
of the separator and only the monomer from the top phase to 
reflux it to the polymerization vessel. The polymer 
concentration was controlled to 75%. The polymerization 
reaction mixture having polymer concentration of 75% was 
continuously supplied to a biaxial extruder equipped with a 
biaxial extruder type feeder having a pre-heater, a monomer 
remover, and a heating device connected in tandem to from 
the tip of the monomer remover to l/3 rd the length in the 
barrel section and vent holes. Residual monomer was allowed 
to evaporate under reduced pressure and recovered from 
vacuum vent holes at 180-240°C. To 90 parts of a 
butadiene/s tyrene/acrylonitrile copolymer having apparent 
polymerization ratio of at least 99% located at l/3 rd the 
distance from the tip of the monomer removal device, 0.5 
part of t-butylhydroxy toluene as phenolic stabilizer, 0.5 
part of tri (nonylphenyl ) phosphite as phosphorus type 
stabilizer, and 10 parts of the grafted copolymer cake (B-l) 
prepared in the Reference Example 1 was supplied in a molten 



state from a biaxial extruder type feeder after it was 
dehydrated using a monoaxial extruder equipped with two vent 
holes. The resulting mixture was melted and kneaded 
before being discharged in strands and cut to obtain pellets 
of a styrene type resin composition. The YI value of the 
styrene type resin composition obtained is shown in Table 2. 
The styrene type resin composition obtained was injection 
molded, and the properties were determined. The results are 
shown in Table 2. The color tone (pellet TI) [sic] of the 
styrene type resin composition prepared according to the 
method of this comparative example was inferior to that of a 
styrene type resin composition prepared according to a 
method of this invention. 

[0036] Comparative Example 3. 

A continuous bulk polymerization device identical to the one 
in Real Example 1 was used to continuously add a monomer 
mixture comprising 76 parts of styrene, 24 parts of 
acrylonitrile, and 0.15 part of t-butyl mercaptan to a 
polymerization vessel, and the polymer concentration was 
controlled to 75%. The polymerization reaction mixture 
having polymer concentration of 75% was pre-heated using a 
monoaxial extruder pre-heater identical to the one in Real 
Example 1, unreacted monomer was allowed to evaporate under 
reduced pressure and be recovered from a vent using a 
biaxial extruder type monomer removing device, and the 
strands obtained by discharging the mixture were cut to 
obtain pellets of a styrene type copolymer (A) that did not 
contain rubber. Next, 74 parts of this styrene type 
copolymer (A) that does not contain rubber, 26 parts of a 
powder obtained by drying the grafted copolymer cake (B-l) 
prepared in Reference Example 1, 0.5 part of t-butylhydroxy 
toluene, and 0.5 part of tri (nonylphenyl) phosphite were dry 
blended and pelletized by melt kneading/extrusion to obtain 
pellets of a styrene type resin composition. The YI value 
of said styrene type resin composition pellets and 
properties of the molded pieces obtained by injection 
molding the resin composition were determined and are shown 
in Table 2. Color tone (pellet YI) of the styrene type 
resin composition prepared in this comparative example was 
clearly inferior to that of a resin composition prepared in 
real examples. 

[0037] Comparative Example 4. 

Seventy-four parts of styrene/acrylonitrile copolymer beads 
obtained by suspension polymerization of a monomer mixture 
comprising 76 parts' of styrene, 24 parts of acrylonitrile 
and 0.18 part of t-dodecyl mercaptan followed by dehydration 
and drying , 2 6 parts of a powder obtained by drying the 
grafted copolymer cake (B-l) prepared in Reference Example 
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1, 0.5 part of t-butylhydroxy toluene, and 0.5 part of 
tri (nonylphenyl) phosphite were dry blended and pelletized 
using melt kneading/extrusion to obtain pellets of the 
styrene type resin composition. The YI value of said 
styrene type resin composition pellets and the properties of 
molded pieces obtained by injection molding said styrene 
type resin composition pellets were evaluated. The results 
are shown in Table 2. Color tone (pellet YI) of the styrene 
type resin composition prepared in this comparative example 
was clearly inferior to that of a resin composition prepared 
in real examples. 

[0038] 
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